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Disclaimer

The statements and conclusions in this report are those of the
contractor and not necessarily those of the California Air Resources
Board. The mention of commercial products, their source or their use
in connection with material reported herein is not to be construed as
either an actual or implied endorsement of such products.
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1. OBJECTIVE:

To collect ambient air samples over time-weighted periods of 4 to
8 hours in internally electropolished stainless steel containers. The
data obtained from the analysis of these samples were for the support of
the Carbonaceous Species Methods Comparison Study at Citrus College
between August 11 and August 21, 1986. The species measured inclpded
€0, CH,, COp, Hy, and the C, through Ciop hydrocarbons. In addition,
N0, F-12, F-11, F-113, CHCljz, CH3CCl3, CCl,, CyHClz, and C,Cl,
halocarbons were measured,

2. AIR SAMPLE COLLECTION METHOD:

Stainless steel (type 304) cans internally electropolished by the
"SUMMA" process were used to provide state-of-the-art collection-storage
of ambient air samples for quantitative hydrocarbon and halocarbon
analyses at trace levels. The tanks (16L volume) were sent into the
field under high vacuum (<100 mTorr) and were fitted with non-
contaminating bellows stem (Nupro SS-4H4) high vacuum valves and Cajon®
VCR vacuum coupling fittings. Both 4-hour and 8-hour integrated samples
were collected in the 16L tanks. Five samplers were used to collect for
the following periods: 0-0800, 0800-1200, 1200-1600, 1600-2000, and
2000-0. The sample periods were prescribed by the experiment. The
sample lines were flushed with outside air via a purge-tee gauge
assembly to eliminate any contamination obtained from storage indoors in
the sample connection lines (dead volume 10 mL). The vacuum in the
tanks was checked and the system left in the ready to sample positionm.

A Chrontrol® 4CD-115VAC timer was used to activate the sampling start-

stop sequence, Non-contaminating back pressure regulators, solenoids,



Teflon®-faced diaphragm FC1121 pumps, and upstream sample dump-crosses
were used to provide a contaminant-free, constant rate of sampling at
110 mL/min. Terminal pressures in the flasks were pre-set to be 12 psig
+ 2 psig.

3. HYDROCARBON ANALYSIS METHODS AND SEQUENCE O ALYSIS:

The samples were analyzed for CH,, CO, Cy-Cyg hydrocarbons, and
the halocarbons F-12, F-11, F-113, CH3CCljy, CCl,, C,pHCljy, and C,Cl,.

The latter are excellent intrinsic tracers of air masses that have

recently come from urban areas since precise quantitation of differences

on the order of several parts per trillion are readily measured.

Comparison with the known geophysical background levels of these species

provides indices of the degree of pollution.

The standard operating procedure used to speciate the Cy{-Cqg
hydrocarbons and the selected halocarbons was to use several different
gas chromatographs with species-specific and/or very sensitive
detectors. Each instrument was dedicated to a specific group of
compounds .

The procedure for handling the sample analysis sequence was:

(A) Upon receipt of the samples, logged in the sample container
serial number, date, time, and place. Assigned a ;ample number
to each sample.

(B) Measured the pressure in the can. This was verified against the
pressure recorded in the field.

c) First analysis was for CHg, CO, and COp via a Carle 211M-5 gas
chromatograph. This analysis established the general background

pollutant level of the samples.
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(D) Second analysis was for CpHg, CpH,, CoHp, CaHg, CiHg, i-C4Hig,
and n-C4Hig via a PE3920-B or an HP5890-A using a GC system. The
CoHy/CoH, ratio was used to identify local car exhaust or local
geogenic sources.

(E) Third analysis was for the C, to Cyp hydrocarbons using a cryo-
focused sample on a capillary column and a temperature-
programmed method. This analysis provided the needed hydrocarbon
speciation for C4-Cjg compounds.

(F) Fourth analysis was for F-12 through C5Cl,. Other specific
tracers such as CH3Cl for wood smoke, Hy, SFg, CH3Br, CFyBrCl,
'etc., that would better characterize the source apportionment of
the hydrocarbons species measured were also done on selected
samples using dedicated instruments optimized for their analysis.
However, these results are not included in this report.

4. CORDITIONS OF ANALYSIS:

CH,, CO. €O,

A Carle® 211M-S gas chromatograph with a Hewlett-Packard 3388
data processor was used to measure CH;,, CO, and COj. The columns
arranged in a back-flush were silica-gel 8-ft. x 1/8-inch and Mol-sieve
SA, 3-1/2-ft. x 1/8-inch; oven temperature: 76°C; sample size: 3 mL.
The Ni-catalyst was thermostatted at 400°C. Total analysis time was 8
minutes. Precision of analysis for CH, at 1600 ppbv is 0.2 to 0.3%; CO
at 100 ppbv, + 5%; and COp at 350 ppmv, + 0.4%. The response for CH,
and CO was linear from 20 ppbv to 20000 ppbv. Figure 1 shows a sample

chromatogram.



b=

Cop_to C, Hydrocarbons

An HP 5890-A GC system with a pair of HP 3390 integrators was
used for these analyses. A matched pair of phenyl isocyanate/Durapak®
15-ft. x 1/8-inch columns were used. The oven temperature was 40°¢,
sample size 250 mL, and analysis time 8 minutes. After each analysis
the column was cooked out for 15 minutes at 55°C. Detection limit for
the C;-C, species was 40 pptv. Precision of analysis was typically
better than + 2% at 1 ppbC levels. A chromatogram of the calibration
standard is shown in Figure 2.

C€4=Cip derdcarbons

An HP 5790A GC system with a pair of HP 3393 data processors was
used to integrate the C4-Cjp hydrocarbons. A pair of wide bore (1 mm)
glass capillary columns (DB-1) with 0.25yu film thickness and 30-m
lengths were used. The oven temperature was programmed from -70 to 100°
C at 4%/minute after an initial 2-minute hold. Sample volume was 500 mL
enriched via an Bviﬁch X 1/8-inch U trap immersed in liqui& oxygen and
released at +80°C (hot water) where the hydrocﬁrbons were subsequently
cryo-focused on the head of the column at -70°C.

Precision of analysis at 10 ppbC is + 5%. A chromatogram of the
secondary standard used daily to check the performance of the system is

shown in Figure 3. Primary calibration was against NBS standards.

F-12 through C,Cl,

A Perkin-Elmer 3920-B with an HP 3388 data processor was used to
speciate N,0, F-12, F-11, F-113, CHCljy, CH3CCly, CCl,, CopHCljy, and
CyCls,. A Porasil® D 10-ft. x 1/8-inch and an 0ovV101 (10%) 10-ft x 1l/4-
inch column were used. The oven was held isothermal at 70°C and the ECD

at 375°C., The carrier gas was Ar/CH; (5%). The system was recalibrated



automatically every fifth analysis. Precision at the 100-1000 pptv
level was typically 2-3%. A chromatogram of the cal-standard is shown
in Figure 4.

5. QUALITY ASSURANCE AND CALIBRATION

Calibration of the hydrocarbon speciation is provided by several
standards. The benzene, propane, and methane are NBS SRM primary
standards. The C-Cyg calibration standards are traceable to the NBES
standards through neo-hexane. Also, periodically intercalibrations are
made with EPA, Battelle-Columbus, NCAR, and other laboratories that
measure hydrocarbons. Quality control is maintained by daily multiple
calibration, day to day FID response records, and related paired peak
performance checks as well as resolution and column deterioration tests.
Experience over the years has shown that periodic calibration of the
working standards against primary standards is the best assurance that
quantitation is being maintained and reported correctly.

Data reduction uses either HP33B8 or HP3390 series electronic
integrators. Each chromatogram is manually inspected to be sure the
peaks are properly integrated. This is important to be sure that the
chromatography was optimum and the numbers calculated electronically are

real.
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Figure 2
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